Abstract. A matrix formulation is used to derive the pressure variation for acoustic-gravity waves from an explosive source in an atmosphere modeled by a large number of isothermal layers. Comparison of theoretical and observed barograms from large thermonuclear explosions leads to the following conclusions: (1) The major features on the barogram can be explained by the superposition of four modes, (2) different parts of the vertical temperature structure of the atmosphere control the relative excitation of these modes, (3) a scaled point source is sufficient to model thermonuclear explosions, (4) the observed shift in dominance of certain frequencies with yield and altitude can be explained by means of the empirical scaling laws derived from the direct wave near the explosion, and (5) out to 50 ø from the source, the observed variation of amplitude with distance can be accounted for by geometrical spreading over a spherical surface.
plex vertical temDerature structure of the atmosphere by a large number of horizontally stratified isothermal layers. In one of the layers, we place a point source. The strength of the source in the frequency domain is scaled so that the pressure variation with time of the direct wave near the source is in agreement with the observations near actual nuclear detonations.
After the far-field term of the plane multilayered solution is obtained, it is approximately corrected for curvature in order to represent the spectral amplitude and phase of acoustic-gravity waves traveling over a spherical earth. The inhomogeneous theory, i.e., source inclusion, then makes it possible to calculate the effect of source altitude and yield on the spectral amplitude of various modes. With the inhomogeneous theory and the known response of the observing barograph we are able to calculate theoretical barograms in the time domain. These theoretical barograms are compared with actual barograms The details or references for obtaining the relative excitation function were not given, and no A,•, product matrix of layer matrices from 1 to sl. A'% product matrix of layer matrices from s2 to n. p0, excess pressure at the earth's surface. $w,, discontinuity in vertical particle velocity integrand at source.
$p•,, discontinuity in pressure integrand at source. [ Ira, homogeneous ratio evaluated at jth root of The derivation of (1) closely parallels the derivation given by Lamb [1945] and Pekeris [1948] for the first time derivative of the dilatation and will not be given here. We now insert j(•, as) in (3), so that after integrating (3) over •o we have at a distance a8 directly below the source, the observed excess pressure-time variation [Glasstone, 1962] . � __ --__ ----_j
X, vector element defined by (33). ¾, vector element defined by (33). E• -•, matrix defined by (37
:::
The effect of yield on theoretical barograms for A, waves. For determining the effect of yield with source altitude constant, five barograms were synthe sized for the following yields at an altitude of 2.13 krn: 1,5, 10,30, and 60 MT (Figure 15 ).
The most striking qualitative effect of increasing yield at the same source altitude, other than the obvious increase in amplitude, is the increase in the long-period part of the wave train relative to the shorter-period arrivals. This is especially noticeable in the extremes of the chosen yields.
For I-MT blasts the S. mode is the major mode, with S, and GR. almost equal to each other and somewhat less than s.. For the 60-MT explosion the GR. mode is by far the largest, wherea. s S. is almost nonexistent and the S1 contribution, al though small, gives all of the high frequencies seen in the wave. This effect occurs despite the instrument response which accentuates the higher-frequency modes, S. and especially 8,.
From (68) we see that the only terms which could emphasize this mode with yield changes are the source terms in the spectral amplitude for the long-period modes and (b." + {jJ"t' for the short-period modes, where <1, is the acoustic cutoff for the medium surrounding the source.
Since <11 = As as is independent of the yield, and since by (12) and (13) a, increases with yield, it is evident that the exponential term increases the relative excitation of the longer periods relative to the short periods with a yield increase. Similarly, b, decreases with increasing yield and thus increases the spectral amplitude at long periods while decreasing the short periods. From these factors we see that the scaling laws induce a 'pseudo' nonlinearity to the problem. This is especially true for the time scale of the initial pressure variation as the bomb size increases. Figure 16 shows the increase in amplitude and fundamental period with increasing yield for A1 barograms of a single mode, GRo.
The effect of altitude for a constant yield is illustrated in Figure 17 . For this purpose, we constructed three A1 barograms for 5-MT explosions at altitudes of 1.07, 2.13, and 4.27 km. short waves with increasing altitude are due to the scaling laws used. This phenomenon is similar to the effect, discussed previously, of increasing the yield at constant altitude, since a8 increases and b8 decreases with an increase in either yield or altitude.
For the early-arriving short-period modes, such as S•, the decrease in short period due to decreasing b, is compensated in this altitude range by the inverse effect of the wave guide itself. In the discussion of frequency domain it was pointed out that in the part of the wave guide between the surface and the low-velocity channel the effect of increasing altitude is to increase the relative excitation of the acoustic modes relative to the longer-period GR modes.
For the 30-MT bombs, the increase in altitude shows an increase in the long-period arrivals and a decrease in the short-period arrivals. From an altitude of 8.53 to 17.07 km the short-period part of the train is negligible in amplitude. To demonstrate the effect of distance on the shape of the wave train in Figure 18 6. The internal friction of the atmosphere is negligible for polar path lengths up to 50 ø . Even for path lengths up to 80 ø the frictional effect can be masked by meteorological conditions encountered along individual great-circle paths.
7. For large yields and high altitudes the scaling laws seem to overemphasize the longperiod gravity arrivals relative to the shortperiod acoustic arrivals. Also the scaling laws appear to underestimate the peak amplitude of the large explosions by as much as 50%. Some changes in scaling laws are thus indicated for these large events, a result which does not surprise us in view of the use of low-yield data in deriving these laws.
